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Abstract 
This study predominantly examined the regularity and consistency effects during word 
recognition with second language (L2) Chinese adult readers using event-related potentials 
(ERPs). Sixteen native alphabetic script readers learning Chinese as a late-acquired L2 with 
reading proficiency of Chinese reaching local Primary 4 level completed a lexical decision 
(LD) task and a delayed naming (DN) task. ERP results showed that effects of regularity 
occurred at P200 in LD and on right hemisphere only where irregular characters elicited 
greater positivity than regular characters. Null effects of consistency were noted in both LD 
and DN. This suggests that, in Chinese, regularity and consistency construct distinctly and 
operate under different mechanisms with different neural correlates. In addition, null 
phonological effects were observed in DN. The study also suggests that the access to 
phonological information from print is subject to task demands as well as reading proficiency. 
Besides, L2 Chinese readers followed a similar developmental ERP trajectory of native 
Chinese-speaking Grade 4 children and adopted an accommodation pattern in developing 
orthography-to-phonology knowledge in Chinese reading. 
 
Key words: Phonological regularity, phonological consistency, Chinese, delayed 
naming (DN), lexical decision (LD), event-related potential (ERP), second language (L2) 
learning 
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The Effects of Lexicality, Regularity, and Consistency in L2 Chinese Learners in 
Delayed Naming and Lexicality Judgment: An ERP study 
All writing systems carry phonological information, but the correspondence with 
orthographic units varies. In alphabetic scripts, where the orthography-to-phonology mapping 
is sublexical (i.e., between letters and phonemes), phonological regularity and consistency 
were frequently investigated. With reference to Coltheart, Rastle, Perry, Langdon, and 
Ziegler (2001), regularity was defined as the adherence to grapheme-to-phoneme 
correspondence (GPC) rules (e.g., B & IN pronounced as /b/ & /ɪn/ respectively). Plaut, 
McClelland, Seidenberg, and Patterson (1996) defined consistency as the influence on the 
pronunciations by other similarly spelled words (e.g., -int pronounced as /ɪnt/ as in mint, hint, 
& lint). Traditionally, behavioral studies have revealed the influence of these phonological 
effects on naming latency. For example, irregular words (e.g., flood & yacht) were slower and 
less accurately named than regular words (e.g., mint) in naming task (e.g., Coltheart & Leahy, 
1992), especially when they were low in lexical frequency (Andrews, 1982). Besides, readers 
were slower to read aloud low-consistency words (e.g., host) with more errors made than that 
of high-consistency words (e.g., cost & frost; Glushko, 1979). At first glance, these findings 
consistently suggested irregular and inconsistent word processing associate with longer 
response latency and lower accuracy. However, Jared (2002) argued that most irregular 
exception words adopted in previous studies were also inconsistent (e.g., pint) and 
manipulated on a relatively small set of items (typically no more than 20 items per condition). 
It is hence questionable if regularity and consistency effects defined in alphabetic systems are 
completely distinguishable and separable. Further, naming latency is limited in temporal 
resolution as it reflects the summation of all steps that elapse before making a behavioral 
response. In light of this limitation, a growing body of research on word recognition with 
event-related potentials (ERPs) emerges. 
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Continuously recording the brain activity with a temporal resolution in the range of 
milliseconds, ERP best reflects the electrophysiological brain dynamics of the processing 
mechanism and the associated neural correlates underlying word recognition. Regarding the 
phonological effects, studies on alphabetic scripts demonstrated a less negative N400 
component for pseudohomophones (pseudowords that sound like real words) than 
pseudoword controls in the context of lexicality judgment (Briesemeister et al., 2009) and 
semantically constrained sentence cloze task (Newman & Connolly, 2004). Newman and 
colleagues attributed such a facilitative effect in N400 to the integration of phonological 
representations in deriving the word meaning. Though these ERP studies did not specifically 
and directly manipulate the regularity or consistency, they generally suggested that 
phonological information generated from print played a role in reading during the N400 time 
window. More interestingly, the N400 responses were well known to be associated with the 
whole-word lexico-semantic processing (Kutas & Federmeier, 2011; Lau, Phillips, & Poeppel, 
2008). Thus, in the alphabetic writing systems, phonological information is available upon 
lexical access, which is believed to take place at the N400 time window. 
In terms of lexical constituents, there are substantial differences between alphabetic 
writing systems and Chinese, a logographic system, where characters are made up of spatial 
arrangement of strokes. Generally speaking, unlike alphabetic scripts with transparent 
grapheme-to-phoneme mapping such as English and French, there are no GPC rules in 
Chinese for generating the correct pronunciation for characters. As there are no subcharacter 
units that inherently map onto phonemes or syllables, the pronunciation of Chinese characters 
are largely opaque. The relationship between orthography and phonology is however far from 
null in Chinese. Law, Weekes, Wong, and Chiu (2009) reported that around 80% of Chinese 
characters are phonograms composed of a semantic and a phonetic radical that respectively 
indicates some meaning aspect and the pronunciation of the character concerned. Of which, 
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34–40% of phonograms are regular characters containing a phonetic radical segmentally 
identical (regardless of tone) to the whole character in Cantonese (e.g., 珠/zyu1/ & 朱/zyu1/). 
Around 30% of the phonograms are partially regular, meaning that phonograms share at least 
the same rime as their phonetic radical (e.g., 統/tung2/ & 充/cung1/) while the rest are 
irregular characters that bear no direct and explicit phonological relations to the 
corresponding phonetic radical (e.g., 倩/sin3/ & 青 /cing1/). Another property of the phonetic 
radical as a predictor of character pronunciation can be expressed by consistency. This refers to 
the extent to which the pronunciation of a character agrees with those of its orthographic 
neighbors containing the same phonetic radical (Fang, Horng, & Tzeng, 1986). For instance, a 
high-consistency character shares its pronunciation with most of the phonograms containing the 
same phonetic radical (e.g., 佢/keoi5/, 拒/keoi5/, 距/keoi5/, & 岠/keoi5/) while a low-
consistency character differs in pronunciation than neighbors containing the same phonetic 
radical (e.g., 拍/paak3/, 迫/bik1/, 泊/bok6/, & 伯/baak3/). Therefore, one can see that 
consistency in Chinese is fairly comparable to that in alphabetic scripts, while regularity has a 
distinct definition. Regularity in Chinese is based on competition between phonological 
forms of two lexical entities while this is unclear in alphabetic systems. Moreover, there are 
apparently sublexical and lexical levels of orthography-to-phonology mapping in alphabetic 
scripts, but not necessarily so in Chinese. Hence, reading Chinese characters may provide 
maximal contrasts with alphabetic reading. These cross-linguistic variations are expected to 
have profound impact on how phonological information is accessed from print. 
Historically, a multitude of studies have examined the role of regularity and consistency 
in naming Chinese characters. For example, manipulating the character frequency, behavioral 
naming studies of native speakers (L1) of Chinese (e.g., Lee, Tsai, Su, Tzeng, & Hung, 2005; 
Seidenberg, 1985) found that regular characters were named faster than irregular characters, 
especially for low-frequency characters. Consistent characters were named faster than 
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inconsistent characters (Fang et al., 1986). Additionally, over the past decades, several ERP 
indices of word recognition have been established in studies involving skilled L1 Chinese 
adult readers. Studies employing homophone judgment tasks (e.g., Hsu, Tsai, Lee, & Tzeng, 
2009; Lee et al., 2007) reported consistency effects where greater negativity in N170, greater 
positivity in P200, and smaller negativity in N400 were elicited in low-consistency than high-
consistency characters. Lee and colleagues argued in the context of a two-stage framework 
where low-consistency characters initiated elevated sublexical competition owing to a larger 
number of competing phonological candidates in N170 and P200 time windows, while high-
consistency characters involved a greater lexical competition in the later stage at N400. 
However, it is skeptical that the consistency condition in these studies was confounded with 
regularity as the characters of the consistent condition had a consistency value very close to 1. 
Besides, little information about the composition of the high- and low-consistency characters 
with respect to their regularity status was provided. More recently, Yum, Law, Su, Lau, and 
Mo (2014) demonstrated the presence of distinct regularity and consistency effects in the 
delayed naming (DN) task but absence in lexical decision (LD) task in L1 Chinese adult 
readers. In detail, regular characters elicited more negative N170, less positive P200, and 
more negative N400 while consistent characters elicited more positive P200. Such an early 
onset of regularity effects might be explained by efficient processing of orthographic input 
and access to phonological form. The direction of regularity contrasts in N170 might suggest 
greater activation of a single phonological form in the absence of conflict for regular 
characters while that in P200 might be interpreted as greater competition between two 
distinct phonological forms (one from the phonogram and another from its phonetic radical) 
for irregular characters. The presence of regularity effects in N400 could be interpreted as 
interaction between phonological and semantic information. Likewise, greater P200 for 
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consistent characters might be owing to fewer elicited phonological competitors and thus 
stronger inhibition and mutual interference among one another. 
Of equal interest is the lexicality judgment task, a common task in lexical processing 
researches. As revealed by Yum et al. (2014), though phonological information was not 
automatically accessed in LD, L1 Chinese adult readers demonstrated lexicality effect in 
N400 component, showing that pseudocharacters (e.g., ) elicited an enhanced N400 
compared to real characters (e.g., 悅). Such an enhanced N400 for pseudocharacters might be 
accounted for by elevated processing mental efforts searching for the characters’ meaning 
stored in the lexico-semantic system. Unlike those covert and overt naming tasks, in LD, one 
can consult the phonological lexicon, the orthographic lexicon, and/or the lexico-semantic 
system to judge the lexical status of a stimulus. Apparently, since making a lexicality decision 
does not necessarily activate phonological representations, the LD task might offer ample 
contrasts to naming task, which explicitly requires phonological access. In sum, for skilled L1 
Chinese adult readers, phonological access was non-obligatory for LD but plays a role in 
naming Chinese phonograms. These ERP study suggested the manifestations of phonological 
regularity and consistency effects come rapidly after stimulus onset in the N170 and P200 
components respectively while the availability of whole-word lexical status comes later in the 
N400 time window. 
Through explicit teaching, Chinese children have gradually developed implicit 
awareness of the phonetic radicals of Chinese characters. Developmentally, Chinese young 
readers were sensitive to regularity as early as Grade 2 (Ho & Bryant, 1997; Shu & Wu, 
2006). In contrast, Shu, Zhou, and Wu (2000) showed that children’s consistency knowledge 
have started to develop and emerge since Grade 4 and continued at least until college level. 
Su, Lau, and Law (2013) reported comparable ERP results in a LD task. A greater positivity in 
P200 component to irregular than regular characters were found for normal Grade 4 readers. 
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However, comparing with L1 adults (Yum et al., 2014), interestingly, the onset of regularity 
effect was delayed till the time window of P200. This could be owing to difficulties in 
orthographic processing during the early stage of character recognition, which possibly lead to 
a delayed initiation of phonological processing. Lexicality effect was also reported in normal 
L1 Chinese Grade 4 readers where pseudocharacters elicited an enhanced N400 compared to 
real characters (Chung, Tong, & McBride-Chang, 2012; Su et al., 2013). Hence, comparing 
with more skilled L1 Chinese adults, the normal L1 Grade 4 readers demonstrated sensitivity 
to phonological regularity though delayed to later ERP component and insensitivity to 
consistency as predicted from developmental behavioral studies. 
Interestingly, it is well observed that the late-acquired second language (L2) learners 
generally tend not to achieve native-like mastery of the target languages as their L1 
counterparts. Hence, one might question if the late-acquired L2 learners of Chinese, who are 
also less skilled than L1 adult readers, might show similar electrophysiological brain 
dynamics and thus developmental ERP patterns to normal L1 young readers. In fact, this 
hypothesis finds support from a recent behavioral naming study on native English and 
Japanese adults learning Chinese as late-acquired L2 with two years of formal instruction 
(Lin & Collins, 2012). They were most accurate in naming consistent/regular characters, 
followed by inconsistent/regular and inconsistent/irregular characters. In short, being 
sensitive to and aware of the phonetic radicals, these L2 readers showed the use of regularity 
and consistency in naming Chinese characters. Similarly, Jiang (2001) found out a stronger 
regularity effects for the more proficient late-acquired L2 adult learners of Chinese than for 
the less proficient ones where the former transcribed the regular and irregular phonograms 
using pinyin with greater accuracy. In light of these studies, the sensitivity to phonetic 
radicals in naming Chinese characters and hence the awareness of regularity and consistency 
become more significant and substantial as the proficiency of L2 learners of Chinese 
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increases. Moreover, comparing native English and Indonesian adult speakers learning 
Chinese as L2 with L1 Chinese adults in a functional magnetic resonance imaging (fMRI) 
study, Zhao et al. (2012) found a significant regularity effect for both groups. In details, 
regular characters were read faster than irregular characters. Most interestingly, the neural 
basis of Chinese phonological processing, being operationalized as regularity, differed 
significantly between L2 learners and L1 Chinese speakers. For instances, those late L2 
learners exhibited stronger activation than L1 Chinese speakers in the right occipitotemporal 
region. Thus, the underlying neural activities for orthography-to-phonology transformation 
might differ though L2 Chinese learners demonstrated a similar developmental pattern to 
normal L1 young readers. 
The current study adopted behavioral and neural measures of lexicality, regularity, 
and consistency on late-acquired L2 Chinese learners who have reached a relatively proficient 
level via the temporal unfolding of the N170, P200, and N400 ERP components. Provided the 
impact of the characteristics of orthographic and phonological neighborhoods on character 
naming, and the difficulties in recognizing adequate lexical items varying in regularity and 
consistency while matching on neighborhood variables, effects of regularity and consistency 
were studied separately using different sets of stimuli. Two tasks, namely LD and DN were 
adopted. LD, a widely used research paradigm for word recognition, can give us insight into 
access to the orthographic and lexical representations. Since DN requires the preparation of a 
spoken word form for reading aloud, this assures that orthographic and phonological 
processes are engaged. 
Given all above findings, we hypothesize that L2 readers that have comparable 
reading proficiency as normal L1 young readers demonstrate delayed onset of regularity 
effects in the P200 time window when compared with the L1 counterparts. As L2 readers are 
still acquiring Chinese in a similar fashion to L1 young readers, the awareness of family 
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relationships of phonograms might not be thoroughly developed. Thus, consistency effect 
should be absent. Moreover, the above phonological effects would also be more sensitive in 
DN, which is an overt phonological task requiring explicit access to phonological information. 
Finally, lexicality effect is predicted to occur at the N400 component, but not in earlier ERP 
components. This reflects the whole-word lexico-semantic activation and is comparable to 
the findings from L1 readers. 
Method 
Participants 
Four males and 12 females aged 15–29 (M = 19.63, SD = 3.98) were recruited and 
compensated by cash for their participation upon the completion of experimental tasks. All 
have learned Chinese as a late-acquired L2 after age five. Thirteen of them spoke English as 
their L1 while one each for Spanish, Korean, and Urdu respectively. All had normal 
neurological profile and visual acuity. Fifteen of them were right-handed and one was left-
handed. Their reading proficiency of Chinese exceeded -1 SD for the local Primary 4 level on 
the word reading subtest of the Hong Kong Test of Specific Learning Disabilities (HKT-SpLD; 
Ho et al., 2000). Note that reading score above -1 SD on HKT-SpLD was considered to be 
within normal range. Written informed consent was obtained from all participants and the 
experiments were approved by the Human Research Ethics Committee for Non-Clinical 
Faculties of the University of Hong Kong. 
Materials 
The word stimuli, adopted from Su et al. (2013), consisted of 160 real character 
stimuli that were phonograms configured in the top-bottom or left-right structures with one 
phonetic radical and one semantic radical. In LD task, 160 pseudocharacters were created by 
randomly combining the phonetic and semantic radicals of the real character stimuli in 
accordance with orthographic rules. 
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Two separate lists of characters selected from the real characters were used to 
investigate the effects of phonological regularity and consistency in LD and DN tasks. We 
defined regularity as the relationship between the pronunciation of the character and that of 
its phonetic radical. In detail, regular characters shared both onset and rime with its phonetic 
radical irrespective of tone, while irregular characters did not. Besides, consistency was 
defined in two ways, namely type and token consistency. The former was indexed by the 
proportion of the number of friends (orthographic neighbors sharing the same pronunciation) 
to the total number of orthographic neighbors while the latter was the weighted average value 
taking account of the lexical frequency of the orthographic neighbors, thus giving more 
weight to neighbors with higher frequency. Note that the measure of regularity is meaningful 
only when the phonetic radical is a legitimate character carrying its own pronunciation, while 
consistency does not have this limitation. Besides, the phonetic radical was not counted as an 
orthographic neighbor in our calculations of type or token consistency values which is 
markedly different from the calculations adopted in most previous studies (see, Lee et al., 
2005; 2007; Hsu et al., 2009, for example). 
Regular and irregular characters (n = 55 in each condition) were matched in stroke 
number, lexical frequency, orthographic neighborhood size, type or token phonological 
consistency, number of homophones, number of syllables associated with an orthographic 
neighborhood, and lexical frequency of the phonetic radical. Besides, consistent and 
inconsistent characters (n = 80 in each condition) differ significantly in orthographic 
neighborhood size, type and token consistency. Note that the number of phonological 
alternatives for the phonetic radical also differed, since inconsistent characters tended to have 
more orthographic neighbors with different pronunciations. Most importantly, in the 
consistency contrast, regularity was matched where half were regular and half were irregular. 
Additionally, they were matched in stroke number, lexical frequency, number of homophones, 
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and standalone frequency of the phonetic radical. The characteristics of stimuli used in each 
condition were illustrated in detail in Appendix A. 
Procedure 
After the completion of word-reading subtest of HKT-SpLD and the digit span, symbol 
search, and coding subtests from the Wechsler Adults Intelligence Scale (WAIS-IV; Wechsler, 
2008), participants were seated in a sound attenuated and electrically shielded booth. Yellow 
characters (100 x 90 pixels) on the computer screen were presented on a black background 
located approximately 60 cm away. As the same stimuli set of real characters was employed 
in both LD and DN tasks, all participants performed LD followed by DN to eradicate the 
priming effect influencing the lexical judgment. A practice block was provided prior to the 
beginning of each task. In LD, each trial started with a fixation cross (500 ms) followed by a 
blank screen (300–500 ms), the target stimulus for 800 ms, and another blank screen (1000–
1500 ms). Participants were instructed to press different response buttons to indicate whether 
the character was real or pseudo. The experiment was presented with a different random 
sequence of stimuli in six blocks delivered by E-Prime (Psychology Software Tools Inc., 
USA), with the response buttons counterbalanced across participants. 
In DN, only real characters were shown. On each trial, a fixation cross was presented 
for 500 ms, followed by the character for 800 ms, and three asterisks until a response was made. 
Participants were instructed to read aloud the displayed character upon seeing the three 
asterisks. The response delay served to reduce muscle artifacts produced during verbal 
production. All responses were recorded and coded offline. All participants were instructed and 
reminded to minimize unnecessary eye movement. 
Electroencephalography (EEG) recordings 
The EEG data was recorded from 64 silver-silver chloride sintered electrodes (10-20 
system) where the common vertex reference electrode located between electrode Cz and CPz, 
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and ground positioned anterior to electrode Fz. Vertical and horizontal eye movements were 
monitored by bipolar electrodes (vertical electrooculogram) placed on the supra- and infra-
orbital ridges of the left eye and bipolar electrodes (horizontal electrooculogram) placed on 
the left and right side of the lateral orbital rim. Electrode impedance was maintained below 5 
kΩ whenever possible. Data was digitized online at 1 kHz with a band pass filter of 0.05–200 
Hz using SynAmps2® (Neuroscan, Inc., El Paso, TX, USA) amplifiers. 
ERP data processing 
Channels with bad recording were removed. ERP data were filtered offline using 
Neuroscan 4.5 software (Compumedics Ltd., USA) with a zero-phase shift low-pass filter of 
30 Hz (12 dB/ octave slopes). Channels affected by eye blink artifacts were corrected using 
an ocular artifact reduction model implemented in Neuroscan 4.5, with a minimum of 100 
eyeblink artifacts for each participant. Epochs of -200 to 1000 ms stimulus onset were 
obtained, then baseline corrected using the -200 to 0 ms pre-stimuli onset, and re-referenced 
to the average of the two mastoid electrodes. Trials with muscle artifacts, incorrect responses, 
responses exceeding 2000 ms and voltage exceeding ±100 µV were excluded. Grand average 
waveforms for each condition were computed from each individual channel. 
Statistical analyses 
For the behavioral data, paired t tests were used to compare the response accuracy and 
response time (RT) to real characters and pseudocharacters for the lexicality effects in LD. 
Consistency and regularity effects on RT in LD were also separately analyzed with paired t 
tests. However, RT was not examined in DN as a response delay was adopted. Consistency 
and regularity effects on response accuracy were separately examined with two-way repeated 
measure analyses of variance (ANOVA) with tasks (LD, DN) and experimental conditions 
(regular, irregular; or consistent, inconsistent) as within-subject independent variables.  
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For the ERP data, in both LD and DN, consistency and regularity effects were 
separately analyzed. Mean amplitudes at the N170, P200, and N400 ERP components were 
measured. Four-way repeated measure ANOVAs were conducted for each ERP component, 
with electrode locations (N170: PO5, PO6, PO7, PO8, O1, O2; P200: F1, F2, F3, F4, FC1, 
FC2, FC3, FC4, C3, C4; N400: FC5, FC6, C5, C6, CP5, CP6, P5, P6), and hemispheres (left, 
right) as within-subject independent variables in addition to Tasks (LD, DN) and 
experimental conditions (regular, irregular; or consistent, inconsistent). The selected 
electrodes were largely based on previous ERP literature in Chinese on these phonological 
effects (Hsu et al., 2009; Lee et al., 2007; Yum et al., 2014) and lexicality effect (Chung et al., 
2012; Su et al., 2013; Yum et al., 2014). The analysis time windows were estimated from the 
peak latencies derived from the mean amplitude for all trials at the selected electrode 
locations. The analysis of N170 was performed from 100 to 200 ms with the peak at 125 ms. 
That of P200 was performed from 150 to 270 ms with the peak at 219 ms. That of N400 was 
performed from 295 to 415 ms with the peak at 303 ms. These time windows were roughly 
comparable to previous studies (Hsu et al., 2009; Lee et al., 2007). 
The lexicality effect in LD was examined with all real characters and 
pseudocharacters at the N170, P200, and N400 components with the same electrode locations 
and time window. Three-way repeated measure ANOVAs were conducted for each ERP 
component, with electrode locations and hemispheres as within-subject independent variables 
in addition to experimental conditions (real, pseudo). To correct for the violations of 
sphericity associated with repeated measures, the Greenhouse-Geisser adjustment to the 
degrees of freedom was applied for each ANOVA. For all the post-hoc multiple comparisons, 
the significance thresholds were corrected with Bonferroni adjustment. 
Results 
Behavioral results 
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 In LD, trials with response latencies below 200 and exceeding 2000 ms were 
discarded (<1%). Incorrect trials were excluded in RT calculations. For lexicality effects in 
LD, the paired t-test, t(15) = 2.61, p =.020, indicated that participants responded more 
accurately to real characters (M = 88.13%, SD = 0.01) than to pseudocharacters (M = 77.85%, 
SD = 0.11). Response time was also shorter for real characters (M = 583.67 ms, SD = 88.49) 
than pseudocharacters (M = 675.76 ms, SD = 138.28; t(15) = -5.12, p < .001). 
For response time of regularity and consistency effects (only available in LD), the 
regularity contrast showed that participants were faster in responding to regular compared to 
irregular characters (t(15) = -2.21, p =.043). No significant effect of consistency was found. 
In terms of response accuracy, the 2 x 2 (task [LD, DN] x regularity [regular, irregular]) 
two-way ANOVA revealed a main effect of regularity, F(1,15) = 24.91, p < .001, ηρ² = .624, 
where regular characters were named more accurately than irregular characters. Besides, a 
regularity by task interaction was found (F(1,15) = 35.11, p < .001, ηρ² = .701). Post-hoc 
comparisons indicated that responses were significantly more accurate for regular than 
irregular characters in DN (F(1,15) = 36.21, p < .001, ηρ² = .707). Furthermore, for irregular 
characters, the response accuracy was higher in LD than DN (F(1,15) = 14.00, p = .002, ηρ² 
= .483). The main effect and interactions involving consistency contrasts were not 
statistically significant. A summary of the descriptive statistics was shown in Table 1. 
Table 1 
Behavioral statistical results in lexical decision (LD) and delayed naming (DN) 
 Regular Irregular  Consistent Inconsistent 
RT in LD (ms) 578.56 (87.52) 588.72 (92.44)  589.29 (94.43) 581.26 (89.55) Accuracy in LD (%) 88.07 (0.09) 87.61 (0.10)  87.66 (0.10) 88.59 (0.07) Accuracy in DN (%) 88.75 (0.08) 76.93 (0.12)   84.45 (0.08) 83.59 (0.10) 
Note. Standard deviations are given in parentheses. 
 
ERP results 
On average, 20.78% and 30.83% of the trials in LD and DN were rejected respectively 
due to incorrect responses and/or other artifacts. The grand average waveforms for the 
REGULARITY AND CONSISTENCY IN L2 CHINESE READERS	   16 
regularity, consistency, and lexicality contrasts at N170, P200, and N400 at representative 
electrodes were plotted in Figures 1 to 3, respectively. 
N170 (100–200 ms). No significant main effects and interactions of regularity, 
consistency, and lexicality were found in this component, see Figure 1. 
Figure 1. Grand average ERP waveforms illustrating the contrasts in regularity, consistency, 
and lexicality in N170 at PO5 and PO6 electrodes. 
 
P200 (150–270 ms). The 2 x 2 x 10 x 2 (task [LD, DN] x hemisphere [left, right] x 
electrode [F1, F2, F3, F4, FC1, FC2, FC3, FC4, C3, C4] x regularity [regular, irregular]) 
four-way ANOVA, F(1,15) = 7.57, p = .015, ηρ² = .335, revealed a significant three-way 
interaction between task, hemisphere and regularity. Post-hoc pairwise comparisons revealed 
that in LD and on the right hemisphere, irregular characters (M = 3.90 µV, SE = 0.69) elicited 
more positive P200 than regular characters (M = 3.02 µV, SE = 0.71; F(1,15) = 9.89, p = .007, 
ηρ² = .397), see Figure 2. Besides, a two-way interaction between task and regularity was 
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significant (F(1,15) = 6.92, p = .019, ηρ² = .316). In LD, irregular characters (M = 3.58 µV, 
SE = 0.66) elicited more positive P200 than regular characters (M = 2.89 µV, SE = 0.68). 
For consistency, the 2 x 2 x 10 x 2 (task [LD, DN] x hemisphere [left, right] x electrode 
[F1, F2, F3, F4, FC1, FC2, FC3, FC4, C3, C4] x consistency [consistent, inconsistent]) four-
way ANOVA obtained a significant two-way interaction between task and consistency 
(F(1,15) = 5.03, p = .040, ηρ² = .251). Follow-up pairwise comparison analyses did not reveal 
any significant pairwise differences for the consistency contrast. 
No significant main effect and interactions involving the lexicality contrast were found 
in this component, see Figure 2. 
Figure 2. Grand average ERP waveforms illustrating the contrasts in regularity, consistency, and 
lexicality in P200 at C3 and C4 electrodes. 
 
N400 (295–415 ms). For regularity, the 2 x 2 x 8 x 2 (task [LD, DN] x hemisphere [left, 
right] x electrode [FC5, FC6, C5, C6, CP5, CP6, P5, P6] x regularity [regular, irregular]) 
four-way ANOVA revealed a significant three-way interaction between task, hemisphere and 
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regularity (F(1,15) = 7.47, p = .015, ηρ² = .332). Post-hoc pairwise comparisons did not 
reveal any significant pairwise differences involving the regularity contrast. 
For consistency, no significant main effect and interactions involving the consistency 
contrasts were found in this component. 
For lexicality, the 2 x 8 x 2 (hemisphere [left, right] x electrode [FC5, FC6, C5, C6, CP5, 
CP6, P5, P6] x regularity [regular, irregular]) three-way ANOVA between hemisphere, 
electrode and lexicality revealed a significant main effect of lexicality (F(1,15) = 5.04, p 
= .040, ηρ² = .251). The N400 for pseudocharacters (M = 1.94 µV, SE = 0.42) was more 
negative than that for real characters (M = 2.31 µV, SE = 0.44), see Figure 3. 
Figure 3. Grand average ERP waveforms illustrating the contrasts in regularity, consistency, and 
lexicality in N400 at C5 and C6 electrodes. 
 
Significant main effects and interactions that are beyond the research interests were 
summarized in Appendix B. 
Discussion 
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The current investigation mainly examined the regularity and consistency effects 
during Chinese character recognition using behavioral and ERP measures in L2 readers. We 
found the presence of right-lateralized regularity effects in P200 in LD only and the absence 
of consistency effects throughout in the ERP analysis. In addition, all phonological effects 
were absent in DN in the ERP analysis. Though the study yielded few effects from the L2 
readers on their own, these results are theoretically interesting when compared with L1 adults 
and L1 young readers. The tables below summarizing the results of three age and language 
groups will help the readers better understand the comparisons among these groups. 
Table 2  
Summary of ERP results of phonological effects involving Chinese readers in 
lexical decision (LD) 
  Regularity   Consistency 
Chinese readers N170 P200 N400   N170 P200 N400 
L2 adults  ns IRR > REG ns  ns ns ns 
L1 adults ns ns ns  ns ns ns 
L1 Grade 4 children ns IRR > REGa ns   ns ns ns 
Note. ns = non-significant; REG = regular characters; IRR = irregular characters. 
aSu et al. (2013). 
 
Table 3 
Summary of ERP results of phonological effects involving Chinese readers in delayed 
naming (DN) 
Chinese 
readers 
Regularity  Consistency 
N170 P200 N400   N170 P200 N400 
L2 adults ns ns ns  ns ns ns 
L1 adults REG > IRRa IRR > REGa REG > IRRa  ns CON > INC
a ns 
L1 Grade 4 
children n/a n/a n/a   n/a n/a n/a 
Note. ns = non-significant; n/a = not applicable; REG = regular characters; IRR = irregular 
characters; CON = consistent characters; INC = inconsistent characters. 
aYum et al. (2014). 
 
Whereas the main foci of this study are on regularity and consistency effects among 
L2 readers, the results of lexicality effect in LD would ensure that the participants correctly 
engaged in the task. The L2 readers responded to real characters more quickly and accurately 
than pseudocharacters. They exhibited greater negativity in N400 to pseudo than real 
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characters (see Figure 3). This is comparable to L1 Grade 4 and L1 adult readers and supports 
that lexical recognition takes place at N400 in Chinese. 
With reference to Table 2, our results are compatible with that of L1 Grade 4 readers 
(Su et al., 2013) revealing a regularity effect in LD with a greater positivity in P200 for 
irregular than regular characters. This suggests L2 readers are aware of the phonetic radicals 
while making a lexicality judgment. The direction of the regularity contrast in P200 is 
compatible with that reported in L1 English adult readers making lexicality decision (Sereno, 
Rayner, & Posner, 1998). This could be attributed to more effortful processing in the case of 
irregular characters for the competition between two phonological forms—one derived from 
the phonetic radical when it stands alone as a character and another from the whole 
phonogram. Hence, with reference to our behavioral results, this leads to longer response 
latency for irregular characters in LD until the competition between two phonological forms 
has been fully resolved. 
Similar to L1 Grade 4 readers (Su et al., 2013), the effect of regularity was delayed till 
the P200 component in L2 readers compared to L1 adult readers, for whom the effect had 
already manifested in the time window of N170 (Yum et al., 2014). Prior to the activation of 
the phonological representations of pronounceable phonetic radicals, one must visually 
identify the radicals within the phonograms. If the visual breakdown of the whole phonogram 
into its radicals is slow, a delay in the subsequent orthography-to-phonology mapping will 
result. As revealed by Hsiao et al. (2007), this process of visual identification from script is 
believed to take place during the N170 time window. Further, Cao and Zhang (2011) found 
out that the subtle N170 specialization for reading Chinese characters developed gradually 
from Grade 2 and achieved adult level by Grade 6 with about five years of reading training. 
Given that the quantity and quality of exposure to Chinese differ from L1 readers cultivated 
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in Chinese-speaking environment, the N170 tuning for L2 readers might not be thoroughly 
developed. Consequently, the activation of phonological representations is delayed. 
More interestingly, Su et al. (2013) observed a left distribution of phonological 
regularity effects in L1 Grade 4 readers. This is congruent with the left-lateralized 
consistency effects found from L1 adults in a homophone judgment task (Lee et al., 2007) 
and also with the activation of left middle frontal gyrus specifically for phonological 
processing from L1 adults in an fMRI study (Tan, Laird, Li, & Fox, 2005). Collectively, such 
a left-lateralized pattern could be interpreted as a unique developmental pattern for readers 
learning Chinese as their L1. Similar to L1 Chinese readers, studies of L1 English readers 
(Bolger, Perfetti, & Schneider, 2005; Ravizza, Delgado, Chein, Becker, & Fiez, 2004) 
suggested that the phonological encoding-recoding processes and associated GPC mechanism 
were heavily left-lateralized in the inferior parietal lobule. From our results, the right-
lateralized regularity effect at P200 specifically for L2 readers stands in stark contrast with 
L1 readers. According to the accommodation/ assimilation hypothesis of L2 reading (Perfetti 
& Liu, 2005), if the L1 network is sufficient for the processing demands posed by the new 
language, the L1 system could assimilate a L2 system by recruiting neural circuits already in 
place for L1. However, if the L1 network could not support the specific processing demands 
of L2, it must accommodate the corresponding neural structures of the later acquired 
language. Regularity in Chinese is based on competition between phonological forms of two 
lexical entities while the phonological processing is defined as the adherence to GPC rules in 
alphabetic systems. In light of such a remarkable difference between alphabetic and 
logographic writing systems, the neural substrate used for alphabetic system might not be 
able to cope with the processing required for Chinese reading. Hence, our results suggest that 
the alphabetic script readers learning Chinese as L2 showed an accommodation pattern of 
right-lateralized neural activities for orthography-to-phonology mapping in Chinese reading. 
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Of the two tasks adopted in this study, one might question if the cognitive operations 
deployed by the reading system are identical. Examining Tables 2 and 3, L1 adult readers 
demonstrated long-lasting regularity effects notable in N170, P200, and N400 in DN (Yum et 
al., 2014). However, the regularity effect that primarily manifested in LD is short-lived for L2 
readers and L1 Grade 4 readers (Su et al., 2013). These results suggest that the regularity 
effect, particularly its perpetuation in time course, manifests as a function of task as well as 
reading proficiency. LD involves a decision component where one can consult the 
phonological lexicon, the orthographic lexicon, and/or the lexico-semantic system to 
discriminate between real and pseudocharacters. In the context of the lexical quality 
hypothesis (Perfetti & Hart, 2002; Perfetti, 2007), skilled word recognition is grounded on 
synchronous activation and integration of three lexical constituents, namely orthographic, 
phonological, and semantic representations. Generally speaking, given that L1 adult readers 
are relatively more skilled and experienced in reading Chinese characters, such redundantly 
available lexical constituents prevent the sole reliance on phonological information. Hence, 
this accounts for the absence of regularity effect in LD for L1 adult readers. In contrast, for 
L2 readers as well as L1 Grade 4 readers, since the activation of phonological representations 
is not closely related to LD that does not require an overt oral production, its activation is 
short lasting. However, naming is different from LD where oral production of words is 
secured. As argued in Law et al. (2009), as no elements within a Chinese character 
correspond to phonemes or tones, phonological access is always lexical in Chinese character 
processing. Thus, for L1 adult readers, the activation of phonological representations persists 
to the lexical level processing (indexed by N400, as suggested by Lee et al., 2007) until a 
selection for output is made. In sum, these results suggest that the access to phonological 
information from print and the associated perpetuation in time course is task-dependent and 
differs as a function of reading proficiency. 
REGULARITY AND CONSISTENCY IN L2 CHINESE READERS	   23 
As predicted, the present study has replicated the null effects of consistency in L1 
Grade 4 readers and extended this to L2 readers in both behavioral and ERP data. In fact, our 
results showed that L2 readers followed a similar trajectory of L1 young readers. For instance, 
in alphabetic systems, English children learn GPC in Grade 1, and start to be aware of rimes 
in Grade 2 or 3 (Coltheart & Leahy, 1992). Similarly, Chinese children learn to use regularity 
at Grade 2, and they start to be aware of consistency at Grade 4 (Shu & Wu, 2006). Chen, 
Shu, Wu, and Anderson (2003) further argued that the consistency knowledge continues to 
develop until college age. Unlike regularity being a local concept between two phonological 
forms activated by direct orthography-to-phonology mapping, one has to constantly reflect on 
the pronunciations of the members in the phonetic family in order to use consistency 
knowledge effectively. Such an implicit awareness of consistency develops slowly over time 
and only emerges predominantly for better readers in Grade 4. Likewise, for L2 readers, we 
believe that the consistency effect may emerge from cumulative reading experience that 
gradually raises the awareness of systematic use of family relationships. 
What is unclear nevertheless is the absence of any phonological effects in DN for L2 
readers, as revealed from our ERP analysis. The result seems counterintuitive in that DN is 
fundamentally an overt speech task assuring the access of phonological representations. 
However, in consideration of the behavioral results, L2 readers named regular characters with 
a higher accuracy than irregular characters in DN. Based on the competition account, naming 
irregular characters is more error-prone if pronunciation is initiated before the conflict 
between the two distinct phonological forms is fully resolved in favor of the correct 
phonological form. This provides ample evidence for the activation of phonological 
information in DN. One parsimonious account for the absence of phonological effects in ERP 
analysis might be the higher trial rejection rate in DN than LD as a result of incorrect 
responses and/or other artifacts. Consequently, this weakens the signal-to-noise ratio. 
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Coincidentally, from the available ERP literature, no study has been conducted on L1 young 
readers with the use of DN. In light of our current results, this raises a key question about 
how the early ERP components elicited by DN are characterized on less skilled readers. 
Hence, further investigation with the use of DN in L1 young readers is needed to verify if 
absence of early ERP components in DN reflects the unique characteristic of less skilled 
readers. Moreover, given that the activation and onset of phonological effects were generally 
delayed in L2 readers when compared with L1 adult readers, the focus on N170, P200, and 
N400 in this study might be unlikely to capture the whole picture of online stages of 
processing during word recognition. Indeed, studies of alphabetic scripts have traditionally 
included the late positive complex (LPC), which occurs between 500–800 ms. This might be 
owing to the assumption that phonological information in alphabetic systems is only available 
upon or after lexical access, which is believed to take place at the N400 time window (see 
Kutas et al., 2011; Lau et al., 2008). Hence, phonological effects on LPC components among 
L2 readers await future investigation. 
Recently, in L1 adult readers, Yum et al. (2014) demonstrated the independence of 
regularity and consistency in terms of different time courses and directions of the effects in 
specific ERP components in DN. Importantly, this study extends the findings with L2 readers. 
The regularity is independent from consistency in terms of the presence and absence of the 
effects predominantly in LD. This is not counterintuitive as conceptually these effects are 
defined distinctly in Chinese. In Chinese, regularity is a word-based concept, referring to the 
competition between phonological forms of two lexical entities—one derived from the 
phonetic radical when it stands alone as a character and another from the whole phonogram. 
However, consistency, a neighborhood-based concept, represents a relationship between the 
pronunciation of a phonogram and the pronunciations of its orthographic neighbors containing 
the same phonetic radical. Thus, as indicated by our ERP results, the presence and absence of 
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the regularity and consistency effects suggested that they operated under different 
mechanisms with fundamentally different neural correlates. 
The current study revealed that L2 learners of Chinese were sensitive to and 
demonstrated awareness of phonetic radicals from print during character recognition. These 
findings indeed have apparent implications for pedagogy of Chinese language for L2 readers. 
It might be beneficial to strengthen the orthography-to-phonology mapping by providing L2 
Chinese learners with explicit teaching of how to make use of the phonetic radicals and 
introducing characters from the same orthographic family. This is consistent with the 
Focused Word Recognition Method (Tse, Dai, & Kwo, 2001), in which a group of characters 
sharing the same phonetic radicals are introduced together. Learning in a structured and 
systematic manner, this may assist L2 readers to develop orthographic awareness and hence 
enhance the awareness of phonological regularity and consistency gradually. Indeed, Tse et 
al. showed that the Focused Word Recognition method was effective with Chinese children. 
Given that L2 readers generally exhibited a similar ERP pattern of phonological effects of L1 
Grade 4 readers in Chinese character recognition, we believe this method may be applicable 
to and effective for L2 readers. 
In conclusion, the comparison between LD and DN among three age and language 
groups demonstrated that native alphabetic script readers learning Chinese as their late-
acquired L2 generally exhibited a similar ERP trajectory of phonological effects of L1 Grade 
4 readers in Chinese character recognition. This was demonstrated by the presence of 
regularity and absence of consistency in the ERP analysis. This also suggests that in Chinese, 
regularity and consistency construct distinctly and operate under different mechanisms with 
different neural correlates. These L2 readers utilized an accommodation pattern for 
orthography-to-phonology transformation in Chinese reading. Finally, the access to 
phonological information from print is subject to task demands as well as reading proficiency. 
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Appendix A 
Table A1 
Properties of the stimuli in the regularity and consistency conditions 
  Regular (n = 55)  Irregular (n = 55)   
 Range Mean (SD)  Range Mean (SD) p value 
Stroke number 6–20 11.58 (3.34)  6–20 11.76 (2.96) .763 
Lexical frequency 
(per mil.) 
4.23–
2075.05 
325.87 
(419.34)  
0.31–
1306.43 
333.67 
(386.29) .919 
Orthographic 
neighborhood size 3–15 6.96 (3.05)  3–15 7.16 (3.18) .737 
Consistency (Type) .07–1.00 .35 (0.26)  .07–.75 .33 (0.20) .611 
Consistency 
(Token) .01–1.00 .45 (0.36)  .01–.99 .50 (0.36) .475 
Number of 
homophones 0–22 4.67 (4.82)  0–16 4.42 (3.98) .763 
Number of 
associated syllables 1–8 4.40 (1.99)  2–12 4.40 (2.20) 1.00 
Radical frequency 
(per mil.) 
11.98–
4090.13 
788.91 
(944.54)  
3.13–
5616.44 
607.58 
(1121.61) .361 
        Consistent (n = 80)  Inconsistent (n = 80)  
 Range Mean (SD)  Range Mean (SD) p value Stroke number 6–20 12.16 (3.07)  5–20 11.86 (3.50) .565 Lexical frequency 
(per mil.) 
0.31–
2075.05 
310.44 
(434.12)  
3.00–
1539.04 
333.96 
(355.10) .708 
Orthographic 
neighborhood size 3–8 5.16 (1.32)  4–15 9.45 (3.19) <.001 
Consistency (Type) .13–1.00 .56 (0.26)  .07–.50 .18 (0.10) <.001 Consistency 
(Token) .09–1.00 .76 (0.27)  .01–.80 .21 (0.19) <.001 
Number of 
homophones 0–16 5.31 (3.98)  0–22 4.36 (5.01) .186 
Number of 
associated syllables 1–5 2.60 (0.99)  4–12 6.26 (1.83) <.001 
Radical frequency 
(per mil.) 
0.52–
5616.44 
686.58 
(1192.73)   
0.03–
2993.81 
571.89 
(733.39) .465 
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Appendix B 
Table B1 
Summary of means (µV) for significant effects beyond research interests in P200 
  
Task 
 
Hemisphere LD DN 
Four-way ANOVA (task x 
hemisphere x electrode x 
regularity) 
   
 
LH 3.01 (0.66) 4.78 (0.61) 
 
RH 3.46 (0.69) 4.74 (0.74) 
Four-way ANOVA (task x 
hemisphere x electrode x 
consistency) 
   
 
LH 2.98 (0.61) 4.63 (0.64) 
 
RH 3.45 (0.68) 4.70 (0.75) 
Note. Standard errors are given in parentheses. LH = left hemisphere; RH = right 
hemisphere; LD = lexical decision; DN = delayed naming. 
 
Table B2 
Summary of means (µV) for significant effects beyond research interests in N400 
  
Task 
 
Hemisphere LD DN 
Four-way ANOVA (task x 
hemisphere x electrode x 
regularity) 
   
 
LH 1.25 (0.49) 2.02 (0.42) 
 
RH 3.40 (0.77) 3.79 (0.77) 
Four-way ANOVA (task x 
hemisphere x electrode x 
consistency) 
   
  
2.31 (0.44) 2.86 (0.41) 
Three-way ANOVA 
(hemisphere x electrode x 
lexicality) 
   
 
LH 1.22 (0.47) 
 
RH 3.04 (0.73) 
Note. Standard errors are given in parentheses. LH = left hemisphere; RH = right 
hemisphere; LD = lexical decision; DN = delayed naming. 
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Table B3 
Summary of ANOVAs for significant effects beyond research interests in P200 
 
Source SS df MS F p ηρ² 
Four-way ANOVA 
(task x hemisphere 
x electrode x 
regularity) 
       
 
Task 371.45 1 371.45 16.60 .001 .525 
 
Task x Hemisphere 9.52 1 9.52 12.91 .003 .463 
Four-way ANOVA 
(task x hemisphere 
x electrode x 
consistency) 
       
 
Task 335.69 1 335.69 18.56 .001 .553 
 
Task x Hemisphere 6.30 1 6.30 21.70 .000 .591 
Note. SS = sum of squares; df = degree of freedom; MS = mean square; ηρ² = partial eta 
square. 
 
Table B4 
Summary of ANOVAs for significant effects beyond research interests in N400 
 
Source SS df MS F p ηρ² 
Four-way ANOVA 
(task x hemisphere 
x electrode x 
regularity) 
       
 
Task 43.35 1 43.35 10.31 .006 .407 
 
Hemisphere 489.51 1 489.51 4.68 .047 .238 
Four-way ANOVA 
(task x hemisphere 
x electrode x 
consistency) 
       
 
Task 38.83 1 38.83 8.05 .012 .349 
Three-way ANOVA 
(hemisphere x 
electrode x 
lexicality) 
       
 
Hemisphere 213.27 1 213.27 4.20 .058 .219 
Note. SS = sum of squares; df = degree of freedom; MS = mean square; ηρ² = partial eta 
square. 
 
